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THE ACIDS OF SMOKE.
By SAMUEL RIDEAL, D.Sc. Lond., F.I.C.
(FELLOW.)
IN discussions on the smoke-question the evil effects arising from theJL acid gases, which are associated with all kinds of coal-smoke, are
frequently overlooked. Penalties can only be recovered when black
smoke is emitted; but as the colour is only a measure of the amount
of smoke escaping, it does not give even approximately the amount of
associated acids. It is evident that the Legislature has regarded the
nuisance as one which only affected the amount of light to which the
inhabitants of towns were entitled, and the chief defect in working the
Act was due to vagueness in defining what this phrase &dquo; black smoke&dquo;
means. For many years past it has been thought desirable to eliminate
the word black from the definition in the Act and make it applicable
to smoke, irrespective of colour, as it is obvious that although the light
obscured may sometimes be less, the total effect after the smoke is dissi-
pated must depend upon the proportion of unconsumed coal which passes
into the air. Such an extension would, however, leave untouched the
question as to the injurious effect of acids produced in the ordinary
combustion of coal, and even if mechanical stokers, and other means of
preventing the issue of unconsumed particles into the air, are used, the
quantity of sulphur-acids produced will remain the same.
During the past fifteen years I have had to examine the atmospheres
of town and country with a view to detemnining the amounts of sulphurous
and sulphuric acids, and have found that these two acids always increase
in foggy weather and are normally present to a greater extent in the
air of towns than in rural districts. It is easy to calculate from the
quantity of volatile sulphur in coal, the amount of sulphur-acids produced
in a district, in a given time, when the coal-consumption is known. In
London, about sixteen million tons of coal are used per annum directly
for heating purposes, and the sulphur-content of this coal may range from
1 to 2 per cent., giving an annual production of half-a-million to a million
tons of sulphuric acid which is diffused in the air.
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Condensation and rain remove the acid gases from the air, as they are
readily soluble in water. Fountains, like tllosc at Trafalgar Square, act
as scrubbers of the air and should be enconrabe(1 hy municipal authorities,
so as to diminish the quantity of soluble acid constituents in the air.
The analysis of rain-water collected in the neighbourhood of towns and its
marked action upon galvanised iron and other easily attacked metals, on
exposed fabrics, and on building stones and mortar, prove the prevalence
and injurious effect of the acid impurities. It has been shown by many
analyses that the surface of buildings and outside sculptures becomes
converted into a crust of sulphates, and along with the corrosion there is
a roughening on which carbon settles, making the well-known black
streaks or stains.
Dolomite limestone (e.~., Westminster Palace) is the stone which
appears to be most a,ffected, owing to the sulubility of the magnesium
sulphate formed. The Oolitic limestones (e.~., St. Paul’s), which contain
little or no magnesium carbonate, are far more durable in acid town-air.
A baryta-wash seems to be one of the best antidotes.
From tlle results of a large number of analyses of the air of London,
Manchester and Liverpool, a report of the Air Analysis Committee of
Manchester, in conjunction with tlle Royal Horticultural Society, con-
cluded that
1. In clear breezy weather the amount of sulphurous acid is less than
1 milligramme (.015 grain) per 100 cubic feet of air.
2. In a nti cyclonic periods it rises very considerably, and in times of
fog, 34 to ,,0 milligrammes (0.51 to 0.77 grains) have been recorded for
the worst districts of Manchester and London respectively.
3. Wherever an open space or a less densely populated area occurs,
there is a marked diminution in the amount of impurities in the air.
4. Increase in the amount of sulphurous acid is accompanied by at
least as large an increase in the amount of organic in7purities in the air.
5. Smoke, promoting as it does the formation of fog, and preventing
diffusion into the upper stratum of the air, is the principal cause of the
impure state of the atmosphere in large towns.
In 1891-2 there was an extended Investigation of the subject, in
which I was engaged with others, and the following table gives a summary
of the results, with some additional ones since obtained :-
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Su.lph.ur i~t ~rai~t.. ]1(’1’ 100 cobir , f eet.
The following details from the results it Gower Street show the
difference caused by atmospheric conditions in sliort intervals of time :-
Szcly7au~~ in grains per 100 cubic feet.
The detrimental action of urban fog on plants is due not so much to
sulphur-compounds, as to the deficiency of light, the cold dampness and
the deposit of tarry substances, soot and dust. In a series of experiments
on growing plants made in 1903, I found that a proportion of pure diluted
sulphurous acid gas man3- times greater than that present in a thick yellow
fog, was tolerated, the effect being only comparable to that of a change
of a few degrees in temperature or of a moderate reduction of light.
Coal-soot and dust are also found to concentrate the sulphur com-
pounds : for instance, samples of soot in London contained 4-6, in
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Manchester 4.3, and in Glasgow 7-9 per cent. of SO:3 equal to 1.x4, 1’72
and ~~16 per cent. of sulphur respectively. From experiments at Leeds
and Manchester it was estimated that the soot which fell in 24 hours per
square mile, was in the former place 250lbs., and in the latter about
double that quantity during fog. The dust from 20 square yards of glass
roofs at Iiew and Chelsea, contained nearly 5 per cent. of SO;~, equal to
2 per cent. of sulphur. A concentration also occurs from rain and snow.
These, in Manchester, were found to contain, on 22 days between
November and August, an average of 1.46 grains S03 (=0’o8 S) her
gallon, with a minimum of 0’l~s and a maximum of 4’94, At Lille the
rain-water contained sulphur compounds corresponding to lv~ grains
per gallon of SO;;, equal to O’G2 grains of sulphur.
As to the amount of sulphur sent into the atmosphere as acid gases
every day in London b3- the three chief combustibles, I have calculated it
from Board of Trade returns of the average quantities used, to be approxi-
mately as follows :-
The sulphur arising from the burning of coal is, therefore, 1,100 times
that given by the combustion of gas.
Cohen and Hefford found that the distribution of the sulphur in
the products of combustion of two kinds of coal was as follows iu per-
centages of the total sulphur contained in the coal:
Mineral oils, us shown above, yield nearly tlie same quantity of
sulphur as gas. The naphtha burnt about the streets and markets is
either n. distillate from coal-tar, or from petroleum; the latter may
contain as much as 0.5 per cent. of sulphur (308 grains per gallon), and
the former from Ov7 to 0.94 per cent. (16(i to 579 grains per gallon).
The refined product sold commonly as &dquo; paraffiti oil &dquo; varies very much in
sulphur contents, from 0-013 to 0.274 per cent.; I have found London shop-
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samples at ~Sd. per gallon to contain 0~021 per cent., and at 10(l. 0.045 per
cent. (1 ~~9 and 27*7 grains of sulphur per gallon respectively). We
may conclule that hydro-carbon oils, when used for heating, contribute
about the same small quantity of sulphur as gas does.
On the subject of the tarnishing of bright. metallic surfaces, I found
by experiments in 190:3 with silver-foil, tin-plate, picture wire, curtain
chains, &dquo;white metal,&dquo; and electro spoons, that such articles were affected
far more rapidly and deeply by the outside London atmosphere than by
the air of rooms in which gas is burnt. This may be explained b3- the
fact that the small quantities of sulphurous and sulphuric acids from the
combustion of gas do not cause ~,bl~lCliC’lllll~ on silver and many other
metals, while sulphuretted hydrogen (which is removed from coal-gas)
at once occasions it. We have seen that soot contains sulphur-compounds;
Cohen and IIefford fonnd that solid particles of soot influenced the
discoloration of silver, and that when the air was filtered through cotton-
wool the effect was greatly reduced. They showed also that clarified
nue-gases from coal-fire, blackened lead-paper, and inferred the presence
of sulhlmrettecl hydrogen.
In 1898, 35 million tons of coal were burnt per annul for domestic
heating purposes out of 157 million tons of total consumption, and
consequently there was no legislative control as to the smoke or acids
produced from nearly one fourth of the tutal; five years later, the domestic
consumption had fallen tu 32 million tons, ,vhilst the total consumption
had risen to 167 millions, thus showing the modern tendency to replace
domestic coal-consumption by Improved methods of heating.
The substitution of coke for coal is only a partial remedy for the
nuisance occctsioned by the evolution of sulphur-acids, since the gas
1ndustr’y is not restricted in the sulphur-content of the coke produced.
The sulphur in coke varies’ enormously, and may equal or even exceed
the amount in tlle original coal, and as in tlle combustion of coke no
smoke is produced, the acid gases,’ pass out unnoticed and undetected into
the air. Possibly, being thus free from black, sooty and oily particles,
the gases are more diffusible, quickly become dissipated into the greater
volume of air, and when condensed by rain, or by contact with cold
surfaces, are consequently more dilute and less harmful than the cor-
responding amount of acid produced from coal-consumption. It seems
worth while for gas-engineers to turn their attention to this problem, as
elimination of volatile sulphur from coke would considerably enhance
the value of this commodity and would remove the chief objection to its ex-
tended use. Within recent years the question of the removal of sulphur-
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clauses from Coal-gas Acts has been keenly debated in Parliament, not-
withstanding the fact that the total amount of sulphur in coal-gas is
diminished in the first place by the amount of sulphur retained in the
coke, and in the second place by the universal and compulsory absorption
of the sulphur etted hydrogen in the crude gas. The total amount of
sulphur removed in this way from coal-gas is enormous, and makes the
residual sulphur in gas, amounting to about 40 grains per 100 cubic feet,
insignificant in comparison with the amount evolved in burning coke
or coal, so that the relaxation of the sulphur-clauses, by reducing the
cost of gas-purification and thus extending the use of gas for heating
purposes, will produce the anomalous result of diminishing the sulphur-
content of the atmosphere.
From experiments in 1902, and later with lllr. Hellner on a more
extended scale given in evidence before a Board of Trade Committee,
I found that burning coal-gas in a room does not increase the sulphur-
content of the air to that reached in foggy weather in the outside
air, hecause the water produced in the burning of the gas is far more
than snflicient to absorb the sulphur-oxides, and this water condenses
them on the ceilings and other basic materials present, where they
become permanently fixed. A good whitewashed ceilin’ can thus act as an
acid scrubber for many years in an ordinary gas lit room without renewal.
But sas-stcves used for heating should always have a chimney, and in
that case, since 95 per cent. of the sulphur is removed from the gas b3’
purification, the sulphur-acids emitted into the air will be only a fraction
of those emitted from an equivalent of burning coal.
Under the Alkali Works Act, the Legislature has already dealt with
the serious pollution of air by acid gases emitted from works, and, in my
opinion, these Acts ought to be extended so as to include the gases
emitted from all works using coal and coke of a high sulphur-content for
steam-raising purposes, without the absorption of these acids. This
opinion lias been held previously : in 1892 ~lr. A. E. Fletcher, the then
Chief Inspector under the Alkali Works Act, proposed &dquo; an Act for
the Control of Noxious Gases,&dquo; to be applied generally. He suggested
as a clefinition : &dquo; a gas which is complained of, or which is notoriously a
cause of complaint, or which in the opinion of the Inspector is liable to
cause complaint,&dquo; and thought t,hat &dquo; the term Alkali Act’ sllould no
longer be nsed,-’ Acid Act ’ would be more appropriate.&dquo; Another
definition proposed was ‘~ a, gas which did appreciable harm to health or
property.’.
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